High expression of the RNA-binding motif protein 3 (RBM3) has previously been described as a favorable clinicopathological factor in several cancers, including ovarian cancer, colorectal cancer, prostate cancer, and breast cancer. The aim of this study was to examine the prognostic implications of RBM3 expression in gastric cancer.
Background
Worldwide, gastric cancer is one of the most common malignancies in the digestive system [1] and it is the second leading cause of cancer-related death [2] . The diagnosis and treatment of gastric cancer is one of the key points in clinical medicine research [3] . Because the clinical features of gastric cancer are often atypical and unclear, doctors are often confused and misled in the diagnostic process [4, 5] . Currently, the Japanese gastric cancer protocol recommends D2 radical surgery as a standard surgical resection of gastric cancer, which is widely recognized by more and more international experts and scholars [5] [6] [7] . However, for most patients with gastric cancer, even when D2 radical surgery achieves R0 resection, it cannot effectively control the recurrence and metastasis of gastric cancer, and the 5-year survival rate is only 30% [8, 9] .
Studies have shown that if gastric cancer can be found in the early stages, the survival rate of patients with gastric cancer can be significantly improved [8, 10] . There are many factors that affect the prognosis of gastric cancer, involving many clinical and pathological factors, such as tumor staging, histological differentiation, tumor type, depth and extent of invasion, and with or without metastasis and tumor resection [11] [12] [13] . In addition, research shows that tumor markers are inseparable from tumor occurrence and development, and tumor markers exist in the tumor, or are produced by the tumor, including ki-67, p53 [13] .
RNA-binding protein (RBP) plays an important role in the regulation of post-transcriptional gene expression, and it regulates cell function by binding to RNA [14] . RBM3 protein is a member of the RNA-binding protein family and is a glycinerich RNA-binding protein [14, 15] . RNA-binding motif protein 3 is an important cold shock protein, and environmental stimuli such as hypothermia, ischemia, and hypoxia can increase its expression [15] . In several types of cancer cells, upregulated RBM3 expression promotes cell differentiation and prevents apoptosis [16] [17] [18] [19] [20] .
In addition, RBM3 is considered to be a potential proto-oncogene, for 3 reasons: (1) RBM3 expression level is closely correlated with tumor staging, indicating that it may be related to the occurrence of tumors [21] ; (2) RBM3 silence can increase the number of cells in G2/M phase and eventually lead to apoptosis [21, 22] ; and (3) RBM3 can improve the stability and translation of mRNA of cyclooxygenase-2, IL-8, and vascular endothelial growth factor [23, 24] . It is well known that changes in the level of RBM3 mRNA play an important role in cell transformation and tumorigenesis [25] . RBM3 binds directly to mRNA, altering the secondary structure of mRNA and affecting the access of mRNA initiation factor to the ribosome subunit [26] , which modulates the potential activity of kinases in tumors. Recently studies showed that high expression of RBM3 is found in various types of human malignancies. RBM3 has also been demonstrated to be an independent factor of good prognosis in several cancers, including ovarian, prostate, breast, bladder, and colorectal cancer [16] [17] [18] [19] [20] .
To the best of our knowledge, the role of RBM3 in gastric cancer has not yet been reported. In the present study, we investigated the prognostic significance of RBM3 expression in patients with gastric cancer and the expression levels of RBM3 in cancer cells.
Material and Methods

Patients
Paraffin-embedded specimens were obtained from 123 patients with gastric cancer who underwent surgery in the hospital from 16 Jan 2013 to 12 Feb 2014, including 95 males and 28 females, aged 30-85 years, with an average age of 61.0±13.0 years and a median age of 62. None of the patients had received preoperative chemotherapy and none had autoimmune disease. The follow-up period ended on 25 Feb 2017. Survival was defined as the interval between the date of surgery and the date of death or the last follow-up. Staging of gastric cancer tissue was conducted according to the seventh edition of the TNM staging standard jointly revised by the American Joint Committee on Cancer (AJCC) and Union for International Cancel Control (UICC) in 2010. The clinical data of the patients were complete and all patients were followed up. Follow-up data were missing for 3 patients.
Immunohistochemistry and staining evaluation
Immunohistochemical SP method was used. Briefly, 4-μm paraffin-embedded tissue continuous sections were dewaxed with xylene and hydrated with ethanol gradient. Endogenous peroxidase was eliminated with 3% peroxides and repaired with EDTA. The sections were blocked with normal sheep serum at room temperature. Subsequently, the sections were stained with mouse monoclonal anti-RBM3 (ab134946) (Abcam), anti-Ki-67, and p53 (Santa Cruz Biotechnology) antibodies overnight at 4°C. After being washed with PBS, secondary antibody was added, followed by incubation for 0.5 h. Finally, DAB was used for coloring, with hematoxylin as a contrasting stain, and sealed with a neutral gum. Two immunohistochemicallystained slices for each sample was evaluated independently by 1 pathology specialist. Five images were observed in each section, and 100 cells were counted for each field of view. The results of RBM3 expression were recorded according to the following staining scale of tumor cells. (-): no staining or <1% nuclear staining; (+): 1% to 10% of the nucleus staining, and weaker cytoplasmic staining; (++): 10% to <50% of the nucleus staining, and strong cytoplasmic staining; (+++): ³50% of the nucleus staining, and strong cytoplasmic staining. For statistical analysis, (-) and (+) were regarded as negative expression, and (++)~(+++) were regarded as positive expression. For Ki-67 and p53 staining, the fraction of staining was routinely recorded as follows: 0-10% (-), 10%-25% (+), 26-50% (++), 51-75% (+++), >75% (++++). For statistical analysis, (-) and (+) were regarded as negative expression, and (++)~(+++) were regarded as positive expression.
RBM3 siRNA assay
RBM3 siRNA and negative siRNA control (Applied Biosystems, USA) was performed with Lipofectamine 2000 (Invitrogen). Briefly, SGC-7901 and MGC-803 cells were seeded in 6-well plates. After growing to 50% confluence, cells were transfected using Lipofectamine 2000 with a final concentration of 50 nM siRNA. The transfected cells were then incubated for 5 h at 37°C.
Western blot assay
The extract protein samples from cancer gastric cell lines and from cancer and normal tissues of patients with gastric cancer were separated by 10% SDS-PAGE gels and transferred to PVDF membranes. Membranes were then blocked with 5% non-fat dry milk at room temperature for 1 h. Subsequently, the membranes were incubated with primary antibodies (anti-RBM3 (ab134946) (1: 500, Abcam), anti-GAPDH (1: 5000; Santa Cruz Biotechnology) at 4°C overnight. After washing 3 times with TBS, the blots were incubated with HRP-conjugated secondary antibodies (1: 2000 dilution, DAKO) for 1 h. The proteinantibody complexes were visualized using an enhanced chemiluminescence system (ECL) (Amersham Pharmacia Biotech).
Results
Correlations of RBM3 expression in gastric cancer tissues with clinicopathological parameters RBM3 expression in gastric cancer tissues was evaluated in 123 patients with gastric cancer. The representative immunohistochemical images for RBM3 are shown in Figure 1 and all data are displayed in Table 1 .
As shown in Table 1 , among 123 specimens of gastric cancer tissue, 84 (68.3%) samples were stained with positive expression of RBM3 and 39 samples had negative staining of RBM3. The RBM3 expression did not differ by age, sex, or TNM stage. There were no significant differences in RBM3 expression among subgroups by tumor size, differentiation grade, lymphatic invasion, or Lauren grade, whereas RBM3 expression was obviously higher in tumor tissues with sizes less than 5 cm (P=0.179), with high-moderate differentiation grade (P=0.161), with lymphatic invasion (P=0.217), and with intestinal Lauren grade (P=0.068).
Correlations of RBM3 expression with Ki-67 and p53 expression in gastric cancer tissues
There was no obvious correlation between RBM3 and Ki-67 expression, indicating RBM3 expression has no association with proliferation. However, RBM3 expression was significantly and negatively associated with p53 expression. High expression of RBM3 was observed in gastric cancer tissues with negative p53 expression compared with positive p53 expression (P=0.007).
Associations of RBM3 expression with overall survival
Cox univariate analysis suggested that down-regulated RBM3 expression was associated with reduced overall survival time (HR 0.504, 95% CI: 0.300-0.845, P = 0.009) ( Table 2 ). The association between RBM3 expression and overall survival time were confirmed by Kaplan-Meier analysis ( Figure 3B ). The overall survival time was longer in the group with positive RBM3 expression compared to that with negative RBM3 expression (P=0.008). Figure 4A -4C shows the associations of RBM3 expression with overall survival at different levels (intestinal, diffuse, and mixed) of Lauren grade. The overall survival was higher in the group with positive RBM3 expression compared to negative RBM3 expression at all levels of Lauren grade. However, this association was more significant in intestinal cancer (intestinal: P=0.068 vs. diffuse: P=0.339 or mixed: P=0.353).
The expression level of RBM3 was higher in gastric cancer tissues than in paracancerous normal tissues.
To further confirm the prognostic significance of RBM3, Western blot assay was conducted to determine RBM3 expression in gastric cancer tissue and corresponding paracancerous normal tissue. As showed in Figure 5A , 5B, RBM3 expression was obviously higher in sample 1 (S 1) and sample 2 (S 2) than in sample 3 (S 3). However, in all samples, upregulated RBM3 expression was observed in gastric cancer tissues compared to that in paracancerous normal tissues.
Specificity of the RBM3 antibody was confirmed by silencing RBM3 with siRNA
To test the specificity of the RBM3 antibody, we silenced the expression of RBM 3 by the use of RBM3 siRNA in 2 gastric cancer cell lines: SGC-7901 and MGC-803. Figure 6A , 6B shows that the expression levels of RBM3 protein determined by Western blot were significantly reduced both in SGC-7901 and MGC-803 in the group treated with RBM3 siRNA, indicating the good specificity of RBM3 antibody used in this study.
Discussion
Our results demonstrated that patents with high RBM3 expression in gastric cancer tissues had a prolonged overall survival time. There was lower RBM3 expression in normal tissues compared with the tumor tissues. The strong correlation between RBM3 and overall survival was closely associated with growth patterns. Consistent with studies of other forms of cancer, our results suggest that RBM3 is a useful biomarker for good prognosis [27] [28] [29] [30] . However, the underlying mechanisms that support these findings remain unknown. Furthermore, the prognostic significance of RBM3 has not yet been reported. Thus, we investigated a consecutive cohort in which none of the patients had received chemotherapy or other treatment before surgery. We found that RBM3 expression was higher in gastric cancer tissues than in normal tissues. In accordance with our results, increasing evidence shows that the expression of RBM3 protein is associated with the development of breast cancer, ovarian cancer, and prostate cancer, and malignant and pigmentary tumors [16] [17] [18] [19] [20] [. The expression of RBM3 protein and mRNA, as evaluated by immunohistochemical method, cell culture, and PCR, confirmed that RBM3 protein is not expressed or rarely expressed in normal tissues, and the expression of RBM3 protein was higher in tumors than in normal tissue [16] [17] [18] [19] [20] . However, many studies have shown that up-regulation of RBM3 protein expression can improve the survival rate of certain tumors, such as breast cancer, ovarian cancer, melanoma, and colon cancer [16] [17] [18] [19] [20] [27] [28] [29] [30] , which is related to the fact that its expression is involved in DNA repair, protecting DNA integrity [22, 25] , although the mechanism is not entirely clear. The lack of high RBM3 expression and DNA integrity increases the sensitivity of tumor cells to cisplatin and improves the prognosis [27] .
Our results show that, although there were no significant associations between RBM3 expression and clinicopathological parameters, high RBM3 expression was clearly associated with larger size, higher differentiation grades, and less lymphatic invasion of tumors. In particular, there was a strong correlation between RBM3 expression and Lauren grade. A recent study showed that RBM3 expression was upregulated in upper gastrointestinal cancers, especially in cases with a background of intestinal metaplasia [31] . Thus, we hypothesize that RBM3 level is higher in cases with intestinal Lauren grade. Our results demonstrate that more positive expression numbers of RBM3 were observed in intestinal cases compared to diffuse or mixed cases.
The association of RBM3 expression and proliferation assessed by Ki-67 expression was weak, while a significant negative correlation between RBM3 and tumor biomarker p53 was observed, indicating that high RBM3 expression is a favorable prognostic factor. We also found that Ki-67 and p53 were prognostic factors, but were not independent from other clinicopathological parameters in this study, which is consistent with other reports [13, [31] [32] [33] . However, our study revealed that RBM3 is independent of prognostic factors, excluding Lauren grade. In line with our results, RBM3 is a favorable and independent prognostic factor in several cancer forms, including breast cancer, ovarian cancer, prostate cancer, and colorectal cancer [16] [17] [18] [19] [20] [27] [28] [29] [30] 34] . Thus, these results suggest that RBM3 is a better and independent prognostic factor compared to Ki-67 and p53.
Further Cox analysis revealed that upregulated RBM3 expression was closely associated with prolonged overall survival time in univariate analysis, and in multivariate analysis if adjustment factors did not include Lauren grade. Interestingly, Lauren grade was the only factor with independent prognostic significance. These results were confirmed by Kaplan-Meier analysis. Thus, considering the high RBM3 expression in intestinal cases, we presume that upregulated RBM3 expression partially contributed to the favorable prognosis in cases with intestinal Lauren grade. The box diagram and Kaplan-Meier analysis demonstrate these suggestions. 
Conclusions
Our study demonstrates that upregulated RBM3 expression is an independent factor of favorable prognosis in patients with gastric cancer. In addition, high RBM3 expression was more frequently observed in intestinal-type carcinoma compared to diffuse-type and mixed-type. High RBM3 expression has a significant association with overall survival, suggesting that RBM3 has important prognostic significance. Since RBM3 is a potential prognostic biomarker, these findings should be pursued in future studies in various cancer forms. 
